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AERODYNAMIC PERFORMANCE OF A 1.35-PRESSURE-RATIO
AXIAL-FLOW FAN STAGE
by Walter M. Osborn, Royce D. Moore, and Ronald J. Steinke
Lewis Research Center
SUMMARY
The overall and the blade-element performances and the aerodynamic design pa-
rameters are presented for a 1. 35-pressure-ratio fan stage. This fan was designed for
a weight flow of 32. 7 kilograms per second and a tip speed of 302. 8 meters per second.
Detailed radial surveys of the flow conditions were made over the stable operating flow
range at rotative speeds from 70 to 120 percent of design speed.
At design speed the stage peak efficiency of 0. 879 occurred at a pressure ratio of
1. 329 and design flow. Stall margin was approximately 14 percent based on conditions
at stall and peak efficiency. At design speed and flow the rotor efficiency was 0. 94 and
the pressure ratio was 1. 360.
INTRODUCTION
The Lewis research program on axial-flow fans and compressors for advanced air-
breathing engines is directed primarily toward reducing the size and weight of the fans
and compressors while maintaining a high level of performance.
To that end a series of fans has been designed and built to obtain definitive informa-
tion for the selection of fans for propulsion systems for short-haul aircraft using the ex-
ternally blown flap as the powered-lift system. The externally blown flap needs a large
flow of low-velocity air for effective lift with low noise during takeoff and landing (ref. 1).
Fans with high air-bypass ratios, low pressure ratios, and low tip speeds should meet
this criterion. However, the choice of fan pressure ratio and other parameters may de-
pend on tradeoffs between fan aerodynamic performance and the low-noise goals. Per-
formance data must be obtained on suitable fans over a range of pressure ratios and
speeds to optimize propulsion systems for the externally blown-flap short-haul aircraft.
The pressure ratios being investigated in this series were between 1.15 and 1.40. Fans
with both adjustable and fixed rotor blades are included in the investigation.
The experimental performances of three of the adjustable-rotor-blade fans in the
series are given in references 2 to 11 and of two of the fixed-rotor-blade fans in refer-
ences 12 and 13. The design pressure ratios for these studies were from 1.15 to 1.25.
All of the fans were tested at speeds as high as 120 percent of design speed.
This report presents the experimental performance of fan stage 53, another of the
fixed-rotor-blade fans in the series. The 30-bladed, 50.8-centimeter-diameter fan was
designed for a tip-speed of 302. 8 meters per second. The design pressure ratio of 1.35
near the high end of the range for the series and occurs at a flow rate of 32.7 kilograms
per second. Overall performances of both the rotor and the stage, along with the blade-
element performances of both rotor and stator, are presented. The data are presented
over the stable operating flow range of the stage at rotative speeds from 70 to 120 per-
cent of design speed. Blade-element survey data were obtained at nine radial positions.
The data are presented in machine tabulated and plotted form. The symbols and equa-
tions are defined in appendixes A and B. The abbreviations and units used in the tables
are defined in appendix C.
AERODYNAMIC DESIGN
A compressor design computer program (refs. 14 to 16), which consists of a
streamline analysis subprogram, a blade-geometry subprogram, and a blade-coordinate
subprogram, was used in the design of fan stage 53.
The streamline analysis subprogram (ref. 14) calculates the velocity vector dia-
grams at several axial locations, including planes approximating the blade leading and
trailing edges. This program accounts for streamline curvatures and entropy gradi-
ents. Weight flow, rotor speed, flow path geometry, boundary-layer blockages and
radial distributions of rotor total pressure and stator outlet tangential velocity are inputs
to this program.
The results from the streamline analysis subprogram are then used in the blade-
geometry subprogram (ref. 14). This program calculates the blade geometry that will
satisfy the vector diagrams.
After the blade geometry is defined for both the rotor and stator, the blade coor-
dinate subprogram (ref. 16) is used to compute the blade elements on conical surfaces
approximating the stream surfaces passing through the blade. The program then stacks
these blade elements on a radial line about their centers of gravity and computes the
Cartesian blade coordinates for fabrication.
Because fan stage 53 was designed for low noise, the design procedure consisted of
an iteration of the aerodynamic, acoustic, and mechanical parameters. Thus, compro-
mises were made to the aerodynamic parameters. The design procedure was similar to
that used for fan stage 51A (ref. 2).
The overall design parameters for stage 53 are listed in table I, and the flow path
geometry is shown in figure 1. The stage was designed for an overall pressure ratio
o
of 1. 35 at a weight flow of 32. 7 kilograms per second (194. 8 (kg/sec)/m of annulus
area). The design tip speed was 302. 8 meters per second. The tip speed, rotor aero-
dynamic loading, and stator incidence angles were selected for low noise. The total
pressure at the rotor outlet decreases quadratically from tip to hub. The rotor hub
loading decreases further locally where the rotor relative fluid turning is limited to
42. 7° for low noise. The rotor and stator have double circular arc blade sections. Ro-
tor thickness to chord ratio varies cubically from 0. 03 at the tip to 0. 08 at the hub.
This variation reduces rotor vibration with no increase in rotor hub camber. Stator
thickness to chord ratio is 0. 08 and is radially constant. There are 30 rotor blades and
38 stator blades. The rotor tip solidity is 1. 00, and the stator tip solidity is 1. 27.
Rotor aspect ratio is 2. 86, and stator aspect ratio is 2. 62 based on the chord length at
the mean blade height. For low noise the spacing between the rotor trailing edge and the
stator leading edge was made equal to four times the axial projection of the rotor blade
chord at the hub.
The blade-element design parameters for rotor 53 and stator 53 are presented in




The compressor stage was tested in the Lewis single-stage compressor test facil-
ity which is described in detail in reference 14. Atmospheric air enters the test facil-
ity (fig. 2) through an inlet on the roof of the building and flows through the flow meas-
uring orifice and into the plenum chamber upstream of the test stage. The air then
passes through the experimental compressor stage into the collector from which it is
exhausted to the atmosphere.
Test Stage
Photographs of the rotor and stator are shown in figures 3 and 4. The nonrotating
radial tip clearance of the rotor was a nominal 0. 050 centimeter at ambient conditions.
The axial spacing between the rotor-hub trailing edge and the stator-hub leading edge
was four times the rotor hub chord.
Instrum entation
The compressor weight flow was determined from measurements on a calibrated
thin-plate orifice. The temperature at the orifice was measured with two Chromel-
constantan thermocouples. Pressures at the orifice were measured by calibrated trans-
ducers.
Radial surveys of the flow were made upstream of the rotor, between the rotor and
stator, and downstream of the stator (fig. 1). Photographs of the survey probes are
shown in figure 5. Total pressure, total temperature, and flow angle were measured
with a combination probe (fig. 5(a)). The thermocouple material for the combination
probe is Chromel-constantan. The static pressure was measured with an 8° C-shaped
wedge probe (fig. 5(b)). Each probe was positioned with a null-balancing, stream-
direction-sensitive control system that automatically alined the probe to the direction of
flow. The probes were angularly alined in an air tunnel. Two combination probes and
two wedge static probes were used at each of the three measuring stations.
Inner and outer wall static-pressure taps were located at the same axial stations as
the survey probes. The circumferential locations of both types of survey probes along
with inner- and outer-wall-static pressure-taps are shown in figure 6. The combination
probe downstream of the stator (station 3) was circumferentially traversed one stator
blade passage (9. 5°) counterclockwise from the nominal value shown. An electronic
speed counter, in conjunction with a magnetic pickup, was used to measure rotative
speed (rpm). The estimated errors of the data based on inherent accuracies of the in-
strumentation and recording system are as follows:
Weight flow, kg/sec ±0. 3
Rotative speed, rpm ±30
Flow angle, deg ±1
Temperature, K ±0.6
o
Rotor-inlet total pressure, N/cm . . ±0.01
t\
Rotor-outlet total pressure, N/cm ±0.10
n
Stator-outlet total pressure, N/cm ±0.10
2Rotor-inlet static pressure, N/cm ±0. 04
O
Rotor-outlet static pressure, N/cm ±0. 07
O
Stator-outlet static pressure, N/cm ±0.07
An indication of the consistency of the data can be observed by comparing the integrated
weight flow at each measuring station to the orifice weight flow.
Test Procedure
The stage survey data were taken over a range of weight flows from maximum flow
to the near-stall at speeds of 70, 80, 90, 100, and 120 percent of design. Data were
recorded at nine radial positions for each speed and weight flow. At each radial posi-
tion the two combination probes behind the stator were circumferentially traversed to
nine different locations across the stator gap. The two wedge probes were set at mid-
gap because previous studies showed that the static pressure across the stator gap was
constant. Values of pressure, temperature, and flow angle were recorded at each cir-
cumferential position. At the last circumferential position values of pressure, temper-
ature, and flow angle were also recorded at stations 1 and 2. All probes were then
traversed to the next radial position, and the circumferential traverse procedure re-
peated.
The weight flow at stall was obtained in the following manner: during operation at
the near-stall condition, the downstream control valve was slowly closed in small de-
crements. After each decrement the weight flow was obtained. The weight flow ob-
tained just before stall occurred is called the stall weight flow.
Orifice weight flows, total pressures, static pressures, and temperatures were all
corrected to standard-day conditions based on the rotor-inlet conditions.
Calculation Procedure
Measured total temperatures and total pressures were corrected for Mach number
and streamline slope. These corrections were based on instrument probe calibrations
given in reference 17. The stream static pressure was corrected for Mach number and
streamline slope based on an average calibration for the type of probe used.
Because of the size of the C-shaped, static-pressure wedges, it was not possible to
obtain static-pressure measurements at 5, 10, and 95 percent of span. The static pres-
sure at 95 percent span was obtained by assuming a linear variation in static pressure
between the values at the inner wall and the probe measurement at 90 percent span. A
similar variation was assumed between measurements at the outer wall and the 15 per-
cent span to obtain the static pressure at 5 and 10 percent span.
At each radial position averaged values of the nine circumferential measurements
of pressure, temperature, and flow angle downstream of the stator (station 3) were ob-
tained. The nine total temperatures were mass averaged to obtain the stator-outlet total
temperature. The nine total pressures were energy averaged. The measured values of
pressure, temperature, and flow angle were used to calculate axial and tangential ve-
locities at each circumferential position. The flow angles presented for each radial po-
sition are calculated based on these mass-averaged axial and tangential velocities. To
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obtain the overall performance, the radial values of total temperature were mass aver-
aged, and the values of total pressure were energy averaged. At each measuring station
the integrated weight flow was computed based on the radial survey data.
The data, measured at the three measuring stations, were translated to the rotor
and stator blade leading and trailing edges by the method presented in reference 14.
Orifice weight flow, total pressures, static pressures, and temperatures were all cor-
rected to sea-level conditions based on the rotor-inlet conditions.
RESULTS AND DISCUSSION
The overall performances for the rotor and the stage are presented first. Radial
distributions of several performance parameters are then presented for both the rotor
and the stator, followed by blade-element data. Finally, a brief discussion of the data
is given.
.-All the plotted data, together with some additional performance parameters, are
also tabulated: The overall performance data are presented in table VI; and the blade-
element data are given first for the rotor and then for the stator in tables VII and VIII.
The abbreviations and units.for the tabular data are defined in appendix C.
Overall Performance
The overall performance for rotor 53 is presented in figure 7 and for stage 53 in
figure 8. -For both figures data are presented for speeds from 70 to 120 percent of de-
sign speed. The design point values are shown by the solid symbols.
The measured performance of rotor 53 at design flow (32. 7 kg/sec) agrees closely
with the design values. The measured pressure ratio was 1. 360; the design value was
1.-373. The efficiency of 0. 940 is only 1 percentage point less than design. At design
speed the efficiency was essentially constant over a flow range from 32. 7 to 34. 8 kilo-
grams per second.
The stage peak efficiency of 0. 879 occurred at design weight flow (32. 7 kg/sec).
The measured pressure ratio was 1. 329; the design value was 1. 351. The difference
between the measured rotor and stage efficiencies was 0.061; the design difference was
0.050.
. Stall margin for this stage at design speed is approximately 14 percent, based on
weight flow and pressure ratio at peak efficiency and stall conditions.
Radial Distributions
The radial distributions of several parameters for 100 percent of design speed are
presented in figure 9 for rotor 53 and in figure 10 for stator 53. In each figure data
are presented for three weight flows: near choke, stage peak efficiency, and near stall.
The design values are shown by the solid symbols. A line is faired through the data at
the peak efficiency condition. Temperature-rise efficiency, temperature ratio, pres-
sure ratio, suction-surface incidence angle, meridional velocity ratio, deviation angle,
total-loss parameter, total-loss coefficient, and diffusion factor are presented as func-
tions of percent span from the blade tip.
Rotor. - At the design weight flow of 32. 7 kilograms per second, the total-pressure
ratio is equal to design from the tip to 30 percent span and is slightly less than design
from 30 percent span to the hub (fig. 9). ' The losses are higher than design and thus the
efficiency is lower at 5, 10, 90, and 95 percent span locations. The deviation angles
are essentially equal to design from the tip to midspan; however, they are significantly
greater than design from midspan to the hub. The distribution of inlet meridional veloc-
ity is different from design (see table vn(c)). The velocity is higher than design in the
tip region and lower than design in. the hub region. This together with the radial distri-
bution of velocity ratio (fig. 9) indicate that the flow has moved radially inward through
the rotor at the design condition.
Stator. - At the peak efficiency weight flow of 32. 7 kilograms per second, the meas-
ured deviation angles were greater than design values (fig. 10). Their radial distribu-
tion was also different from the design distribution. The losses in the tip and hub re-
gions are greater than design. The diffusion factor is less than design over the entire
blade span. Examination of the circumferential distribution of total pressure indicated
the same lack of a well-defined wake in the stator hub region as that described in refer-
ence 18. This type of wake pattern is indicative of flow separation on the blade surface
and of a radial shift of flow through the stators. Thus flow separation probably occurred
in the hub of stator 53; this is illustrated by the rapid rise in deviation angle and losses
there.
Variations with Incidence Angle
The variations of selected blade-element parameters with suction-surface incidence
angle are presented for the rotor and the stator in figures 11 and 12. The data are pre-
sented for 80, 100, and 120 percent of design speed for blade-element locations of 5, 10,
30, 50, 70, 90, and 95 percent of span from the blade tip. Design values are shown by
solid symbols. In addition to the parameters shown in the radial distribution plots, the
inlet relative Mach number is also presented in these figures.
Rotor. - The rotor was designed for a suction-surface incidence angle of zero at all
blade elements. At design speed the 5 percent blade element produced the desired pres-
sure ratio and deviation angle at the design incidence angle; however, the energy addi-
tion (temperature ratio) was slightly greater than design. The losses were greater than
design and thus the efficiency was lower. At 10 percent span both pressure ratio and
temperature ratio were higher than design. The losses were greater than design and
the efficiency lower. At 30 percent span the measured values were approximately equal
to design. At 50, 70, 90, and 95 percent spans the pressure ratios and temperature
ratios were slightly less than design. At 50 and 70 percent spans efficiency and losses
were approximately equal to design. At 90 and 95 percent spans the deviation angles and
losses were significantly greater than design.
The minimum measured loss occurred at suction-surface incidence angles less than
the design values at all elements except 90 and 95 percent spans, where losses changed
very little with changes in incidence angle. At 50 and 70 percent span, total-pressure
ratio showed essentially no variation with incidence angle.
Stator. - The stator was designed for a suction-surf ace incidence angle, which
varied from 2. 2° at the 5 percent element to -2. 5° at the 95 percent element. At all
span locations, the measured deviation angles were significantly greater than design
values. At the 30, 50, 70, and 90 percent span locations, minimum loss is about equal
to or less than the design value and generally occurs at less than design incidence angle.
At 5, 10, and 95 percent spans minimum losses are significantly greater than design.
At the 5, 50, and 70 percent span locations there was little variation in losses with in-
cidence angle. The 95 percent span blade element has high losses at all incidence
angles, probably as a result of flow separation at the stator hub.
The data indicate that the 90 and 95 percent elements have a narrow incidence angle
range. At the low incidence angle these elements are probably choked. At the high
incidence angle, they probably stall (indicated by the sharp rise in loss with increasing
incidence angle). It is difficult to determine from the data presented herein whether the
flow conditions in the stator hub region or those in the rotor tip region were the limiting
factor for minimum stable flow for the stage.
SUMMARY OF RESULTS
This report presents both the aerodynamic design parameters and the overall and
blade-element performances of a 1.35-pressure-ratio fan stage. The stage was de-
signed for a weight flow of 32. 7 kilograms per second and a tip speed of 302. 8 meters
per second. Detailed radial surveys of the flow conditions were made over the stable
operating flow range at rotative speeds from 70 to 120 percent of design speed. The
following principal results were obtained from this investigation:
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1. At design speed and design weight flow the rotor pressure ratio was 1. 360 and
efficiency was 0. 940. The design-speed efficiency was essentially constant over a flow
range of 32.7 to 34. 8 kilograms per second.
2. The stage peak efficiency at design speed was 0. 879, and it occurred at design
weight flow. The corresponding pressure ratio was 1. 329.
3. Stall margin for this stage at design speed is approximately 14 percent based on
weight flow and pressure ratio at peak efficiency and stall conditions.
Lewis Research Center,
National Aeronautics and Space Administration,





A annulus area at rotor leading edge, man 2
Af frontal area at rotor leading edge, m
C specific heat at constant pressure, 1004 J/kg/K
c aerodynamic chord, cm
D diffusion factor
i mean incidence angle, angle between inlet air direction and line tangent to blade
mean camber line at leading edge, deg
i suction-surf ace incidence angle, angle between inlet air direction and line tangent
ss
to blade suction surface at leading edge, deg
N rotative speed, rpm
o
P total pressure, N/cm
2
p static pressure, N/cm
r radius, cm
SM stall margin
T total temperature, K
U wheel speed, m/sec
V air velocity, m/sec
W weight flow, kg/sec
Z axial distance referenced from rotor blade hub leading edge, cm
a cone angle, deg
C
a slope of streamline, deg
O
0 air angle, angle between air velocity and axial direction, deg
/3 relative meridional air angle based on cone angle, arctan (tan /3* cos a /cos a ),
\* HI C S
deg
y ratio of specific heats (1.40)
26 ratio of rotor-inlet total pressure to standard pressure of 10.13 N/cm
10
6° deviation angle, angle between exit air direction and tangent to blade mean
camber line at trailing edge, deg
77 efficiency
8 ratio of rotor-inlet total temperature to standard temperature of 288.2 K
K angle between blade mean camber line and meridional plane, deg
K angle between blade suction-surf ace camber line at leading edge and meridional
s s
plane, deg






ad adiabatic (temperature rise)
id ideal









1 instrumentation plane upstream of rotor
2 instrumentation plane between rotor and stator
3 instrumentation plane downstream of stator
Superscript:
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DEFINITIONS AND UNITS USED IN TABLES
absolute
aerodynamic chord, cm
meridional air angle, deg
ratio of actual flow area minus critical area to critical area
(where local Mach number is 1)
angle between axial direction and conical surface representing
blade element, deg
difference between mean camber blade angle and suction surface
blade angle at leading edge, deg
deviation angle (defined by eq. (B3)), deg
diffusion factor (defined by eq. (B4))
adiabatic efficiency (defined by eq. (B9))
inlet (leading edge of blade)
incidence angle (suction surface defined by eq. (Bl) and mean
surface by eq. (B2))
angle between blade mean camber line at leading edge and
meridional plane, deg
angle between blade mean camber line at trailing edge and
meridional plane, deg
angle between blade mean camber line at transition point and
meridional plane, deg
loss coefficient (total defined by eq. (B5) and profile by eq. (B6))
loss parameter (total defined by eq. (B7) and profile by eq. (B8))
meridional
meridional velocity ratio
outlet (trailing edge of blade)
percent of blade span from tip at rotor outlet



































inlet radius (leading edge of blade), cm
outlet radius (trailing edge of blade), cm
radial position
equivalent rotative speed, rpm
angle between aerodynamic chord and meridional plane, deg
ratio of aerodynamic chord to blade spacing
speed, m/sec
suction surface
slope of streamline, deg
tangential
temperature, K
thickness of blade at leading edge, cm
thickness of blade at maximum thickness, cm
thickness of blade at trailing edge, cm
total
difference between inlet and outlet blade mean camber lines, deg
ratio of change in blade angle per unit path distance for front
blade segment to the change in blade angle per unit path distance
for aft blade segment
velocity, m/sec
equivalent weight flow, kg/sec
axial distance from inlet hub to blade leading edge, cm
axial distance from inlet hub to blade maximum thickness point, cm
axial distance from inlet hub to blade trailing edge, cm
axial distance from inlet hub to transition point, cm
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TABLE I. - DESIGN OVERALL
PARAMETERS FOR
STAGE 53-53
ROTOR TOTAL PRESSURE RATIO 1.373
STAGE TOTAL PRESSURE RATIO 1.351
ROTOR TOTAL TEMPERATURE RATIO 1.100
STAGE TOTAL TEMPERATURE RATIO 1.100
ROTOR ADIABATIC EFFICIENT 952
STAGE ADIABATIC EFFICIENCY 902
ROTOR POLYTROPIC EFFICIENCY 954
STAGE POLYTROPIC EFFICIENCY 906
ROTOR HEAD RISE COEFFICIENT 299
STAGE HEAD RISE COEFFICIENT 284
FLOW COEFFICIENT 633
HT FLOW PER UNIT FRONTAL AREA 163.247





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE VI. - OVERALL PERFORMANCE FOR STAGE 53
(a) 70 Percent of design speed
READING NUX3ER
ROTOR TOTiL PRESSURE RATIO
 ; .STAGE TOTAL PRESSURE RATIO . .
ROTOR TOTAL TEMPERATURE RATIO
STAGE TOTAL TEMPERATURE RATIO
ROTOR TEX?. RISE EFFICIENCY .
STAGE TEMP/ RISE EFFICIENCY .
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT .
STAGE HEAD RISE COEFFICIENT .
FLOW COEFFICIENT-
XT FLOW PER UNIT FRONTAL AREA ,
XT FLOW PER UNIT ANNULUS AREA
XT FLOW AT ORIFICE, .
WT FLOW AT ROTOR INLET
XT FLOX AT ROTOR OUTLET
WT FLOX AT STATOR OUTLET . . . .
ROTATIVE SPEED- .
PERCENT OF DESIGN SPEED
302"






























































































(b) 80 Percent of design speed
READING NUMBER
ROTCR TOTAL PRESSURE RATIO
STAGE TOTAL PRESSURE RATIO
ROTOR TOTAL TEMPERATURE RATIO .....
STAGE TOTAL TEMPERATURE RATIO
ROTOR TEX?. RISE EFFICIENCY ......
STAGE TEH?. RISE EFFICIENCY .-. . .
ROTOR MOMENTUM RISE EFFICIEMCY
ROTOR HEAD RISE COEFFICIENT
STAGE. HEAD RISE COEFFICIENT
FLOW COEFFICIENT
WT FLOW PER UNIT FRONTAL AREA
XT FLOW PER UNIT ANNULUS AREA
WT FLOX AT ORIFICE
KT FLOX AT ROTCR INLET
XT FLOX AT ROTOR OUTLET
WT FLOW AT STATOR OUTLET
ROTATIVE SPEEP 9180.9



















































































































(c) 90 Percent of design speed
READING NUMBER
ROTOR TOTAL PRESSURE RATIO
STAGE TOTAL PRESSURE RATIO
ROTOR TOTAL TEMPERATURE RATIO . . . .
STAGE TOTAL TEMPERATURE RATIO . . . .
ROTOR. TEMP. RISE EFFICIENCY
STAGE TEMP. RISE EFFICIENCY . . . . .
ROTOR MOMENTUM RISE EFFICIENCY . . . .
ROTOR HEAD RISE COEFFICIENT
STAGE HEAD RISE COEFFICIENT
FLOW COEFFICIENT
WT FLOW PER UNIT FRONTAL AREA . . . .
X* FLOW PER UNIT ANNULUS AREA . . . .
XT FLOX AT ORIFICE
XT FLOX AT ROTOR INLET
XT FLOX AT ROTOR OUTLET
XT FLOX AT STATOR OUTLET
ROTATIVE SPEED




















































































































TABLE VI. - Concluded,
(d) 100 Percent of design speed
READING NUMBER 301)7 2996 2593 2994 2935 3028
ROTOR TOTAL PRESSURE RATIO 1.514 1.335 1.360 I.356 1.356 1.554
STAGE TOTAL PRESSURE RATIO 1.275 1.303 -329 1.334 1.522 1.517
ROTOR TOTAL TEMPERATURE RATIO LOSS 1.092 '.098 i . i O t 1.102 1.104
STAGE TOTAL TEMPERATURE RATIO LOSS 1.091 '-056 1.099 LOSS 1 . 1 0 !
ROTOR TEMP. RISE EFFICIENCY 0.941 0.945 0.940 0.925 0.850 0.872
STAGE TEMP. RISE EFFICIENCY 0.845 0.873 0.879 0.870 0.8'iS 0.808
ROTOR MOMENTUM RISE EFFICIENCY 0.913 0.926 0.929 0.921 0.883 0.859
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Figure 2. - Single-stage compressor facility.
83
Figure 3. - Rotor 53.














(al Combination total pressure, total temperature, and
flow angle probe (double barrel probe).
C-68-1280
(b) Static pressure probe (8° wedge).
Figures. - Sensing probes.
Combination probe
Wedge probe







(a) Station 1. (b) Station 2 (c) Station 3.
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